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Patent 

Attorney's Docket No. 003277-029 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

Jarmo AALTONEN et al 

Appli cation No . : Unassigned 

Filed: September 21, 2001 

For: PROCESS FOR PRODUCTION OF 
PHOSPHORIC ACID BY 
CRYSTALLISATION OF 
PHOSPHORIC ACID HEMIHYDRATE 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please enter the following amendments. 

TN THE CLAIMS: 

Kindly replace Claims 1-10, as follows: 

1. A process for the production of food-grade phosphoric acid by the 
crystallization of phosphoric acid hemihydrate, H 3 P0 4 x 0.5 H 2 0, from aprepurified feed 
acid, wherein the feed acid used for the crystallization is purified by the following steps: 
a) after the froth-flotation step of phosphate concentrate, the concentrate is directed 
to a strongly magnetic separation step for the decreasing of the Mg ion amount, 



Group Art Unit: Unassigned 
Examiner: Unassigned 
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b) the phosphate concentrate is leached in a mixture of sulfuric acid and phosphoric 
acid according to the wet process, the precipitated S0 4 and As ions are removed, and a 
source of silicon is added in order to adjust the F/Si molar ratio to < 6, 

c) the phosphoric acid is concentrated, the solids precipitate is removed and the F 
ions are evaporated, 

d) the feed acid obtained from step c, having a concentration of > 58% P 2 0 5 , solids 
concentration of < 0.05%, Mg ion concentration of < 1.5%, S0 4 ion concentration of 

< 1%, As ion concentration of < 8 ppm, and F ion concentration of < 0.2%, is crystallized 
at a steady crystal growth rate of < 10 ^m/min, corresponding to < 25 wt.% crystals/hour, 
when seed crystals are added in an amount of at maximum 2% in the form of a 40% 
crystal slurry, in which the Fe ion concentration is < 500 ppm and seed crystal size is 

< 200 |um, the temperature difference being in the first crystallization < 17 °C, and the 
crystals are washed with the undersaturated mother liquor of the subsequent 
recrystallization step, 

e) the phosphoric acid crystallized in step d is melted, diluted to a concentration of 

< 63% P 2 0 5 , seed crystals are added, and crystallization is carried out as in step d, the 
temperature difference being < 8 °C, and the crystals are washed with an undersaturated 
solution of phosphoric acid, and 

f) optionally the phosphoric acid crystallized in step e is melted, diluted to a 
concentration of < 63% P 2 0 5 , seed crystals are added, and crystallization is carried out 
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as in step d, the temperature difference being < 6 °C, and the crystals are washed with an 
undersaturated washing solution prepared from product crystals. 



2. A process according to Claim 1, wherein the process comprises one 
recrystallization step e. 

*j 3. A process according to Claim 1, wherein the process comprises two 

fjj recrystallization steps e and f, the crystals of step e being washed with an undersaturated 
^ mother liquor obtained from the subsequent recrystallization step f 

4* 4. A process according to Claim 1, wherein the mother liquor of the first 

r ^ crystallization step d is separated as a fodder-grade phosphoric acid. 



5. A process according to Claim 1, wherein the acid crystallized in steps e 
and/or f is melted and diluted to food-grade phosphoric acid. 



6. A process according to Claim 1, wherein the crystallization step of the 
process is implemented as a batch process or a continuous- working process. 



-3 - 
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7. A process according to Claim 1, wherein the mother liquors of 
recxystallization steps e and/or f are recycled as feed acid to the same and/or preceding 
step. 

8. A process according to Claim 1, wherein a magnetic flux density of at 
minimum 1 Tesla, preferably 1-3 Tesla, is used in step a. 

9. A process according to Claim 1 , wherein in the crystallization steps of the 
process the viscosity of the crystal slurry is < 2000 cP. 

10. A process according to Claim 1, wherein in crystallization step d the 
concentration of the feed acid is < 61% P 2 0 5 , the Mg ion concentration is < 1 .2% Mg, 
and the F ion concentration is < 0.18%. 

REMARKS 

By the present Preliminary Amendment, Applicants have amended the claims to 
better conform them to U.S. practice. 

Entry of the foregoing and prompt and favorable consideration of the subject 
application on the merits are respectfully requested. 
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If there are any questions regarding this paper, or the application in general, the 
Examiner is invited to telephone the undersigned at his or her earliest convenience. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 

By: 

Iurie A. Schwartz 
Registration No. 43,909 

P.O. Box 1404 

Alexandria, VA 223 1 3- 1 404 

(703) 836-6620 

Date: September 24, 2001 
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Attachment to Preliminary Amendment 
dated September 2001 

Marked-np Copy of Claims 1-10 

1 . (Amended) A process for the production of food-grade phosphoric acid 
by the crystallization of phosphoric acid hemihydrate, H 3 P0 4 x 0.5 H 2 0, from a 
prepurified feed acid, [characterized in that] wherein the feed acid used for the 
crystallization is purified by the following steps: 

a) after the froth- flotation step of phosphate concentrate, the concentrate is directed 
to a strongly magnetic separation step for the decreasing of the Mg ion amount, 

b) the phosphate concentrate is leached in a mixture of sulfuric acid and phosphoric 
acid according to the wet process, the precipitated S0 4 and As ions are removed, and a 
source of silicon is added in order to adjust the F/Si molar ratio to < 6, 

c) the phosphoric acid is concentrated, the solids precipitate is removed and the F 
ions are evaporated, 

d) the feed acid obtained from step c, having a concentration of > 58% P 2 0 5 , solids 
concentration of < 0.05%, Mg ion concentration of < 1.5%, S0 4 ion concentration of 

< 1%, As ion concentration of < 8 ppm, and F ion concentration of < 0.2%, is crystallized 
at a steady crystal growth rate of < 10 jLim/min, corresponding to < 25 wt.% crystals/hour, 
when seed crystals are added in an amount of at maximum 2% in the form of a 40% 
crystal slurry, in which the Fe ion concentration is < 500 ppm and seed crystal size is 

< 200 |um, the temperature difference being in the first crystallization < 17 °C, and the 
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crystals are washed with the undersaturated mother liquor of the subsequent 
recrystallization step, 

e) the phosphoric acid crystallized in step d is melted, diluted to a concentration of 
< 63% P 2 0 5 , seed crystals are added, and crystallization is carried out as in step d, the 
temperature difference being < 8 °C, and the crystals are washed with an undersaturated 
solution of phosphoric acid, and 

f) optionally the phosphoric acid crystallized in step e is melted, diluted to a 
concentration of < 63% P 2 0 5 , seed crystals are added, and crystallization is carried out 
as in step d, the temperature difference being < 6 °C, and the crystals are washed with an 
undersaturated washing solution prepared from product crystals. 

2. (Amended) A process according to Claim 1, [characterized in that] 
wherein the process comprises one recrystallization step e. 

3. (Amended) A process according to Claim 1, [characterized in that] 
wherein the process comprises two recrystallization steps e and f, the crystals of step e 
being washed with an undersaturated mother liquor obtained from the subsequent 
recrystallization step f. 
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4. (Amended) A process according to Claim 1, [characterized in that] 
wherein the mother liquor of the first crystallization step d is separated as a fodder-grade 
phosphoric acid. 

5. (Amended) A process according to Claim 1, [characterized in that] 
wherein the acid crystallized in steps e and/or f is melted and diluted to food-grade 
phosphoric acid. 

6. (Amended) A process according to Claim 1, [characterized in that] 
wherein the crystallization step of the process is implemented as a batch process or a 
continuous- working process. 

7. (Amended) A process according to Claim 1 ? [characterized in that] 
wherein the mother liquors of recrystallization steps e and/or f are recycled as feed acid 
to the same and/or preceding step. 
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8. (Amended) A process according to Claim 1, [characterized in that] 
wherein a magnetic flux density of at minimum 1 Tesla, preferably 1-3 Tesla, is used in 
step a. 

9. (Amended) A process according to Claim 1, [characterized in that] 
wherein in the crystallization steps of the process the viscosity of the crystal slurry is 
< 2000 cP. 

10. (Amended) A process according to Claim 1, [characterized in that] 
wherein in crystallization step d the concentration of the feed acid is < 61% P 2 0 5? the Mg 
ion concentration is < 1 .2% Mg, and the F ion concentration is < 0.18%. 



- iv - 
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Process for production of phosphoric acid by crystallisation of phosphoric acid 
hemihydrate 



The invention relates to a process for producing simultaneously food-grade and 
fodder-grade phosphoric acid by crystallizing phosphoric acid hemihydrate, H3PO4 
x 0.5 H 2 0, from a prepurified feed acid. 

Phosphoric acid can be prepared by the wet process by allowing a mineral acid, 
usually sulfuric acid, to react with a calcium phosphate concentrate, whereby a 
dilute phosphoric acid, containing approximately 30% P 2 0 5 , and a calcium sulfate 
precipitate are formed. After filtration the acid contains anionic impurities of many 
kinds, such as sulfate and fluorine compounds, as well as cationic impurities, of 
which the most significant are iron, aluminum, magnesium and calcium, and organic 
impurities. The quantity and type of the impurities are dependent above all on the 
crude phosphate used as the raw material. 

In a typical wet process, the sulfuric acid reacts with the calcium phosphate 
concentrate. When the formed gypsum is separated by filtration, there is obtained an 
acid containing approximately 30% P 2 0 5 , which is further concentrated to a 
concentration of approximately 50-55% P 2 0 5 . Most of the impurities of the 
phosphate concentrate remain in the phosphoric acid, and therefore this acid is used 
typically only as a fertilizer raw material. 

Many kinds of purification processes have been developed for the purification of 
wet phosphoric acid in order to lower the impurity concentrations to such levels that 
the acid could be used for purposes even other than the preparation of fertilizers. 
The known purification processes include solvent extraction, precipitation by means 
of a solvent, indirect purification, and ion exchange methods. 

The prevailing method of preparing a pure food-grade or industrial-grade 
phosphoric acid is to separate the impurities from a wet-process acid by extraction 
with an organic solvent (Davister, A., Martin, G., From wet crude phosphoric acid 
to high purity products, Proc. Fertilizer Soc, (1981), No. 201). 

Phosphoric acid is also prepared by a thermal furnace process, wherein elemental 
phosphorus is prepared from crude phosphate and carbon, and the elemental 
phosphorus is burned to phosphorus pentoxide and is hydrolyzed to pure phosphoric 
acid. This process is expensive and energy-intensive. 
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There are also known methods for purifying phosphoric acid by crystallization. In 
many of these processes there is first prepared an intermediate, such as urea 
phosphate (DE-A-25 11 345) or aniline phosphate (WO 97/00714), which in the 
further reaction forms phosphoric acid and a recyclable reagent or byproduct. These 
5 processes are better suited for the preparation of phosphate salts, e.g. ammonium 
phosphate, than for the preparation of phosphoric acid. 

For improvement of these processes there have been developed processes in which 
phosphoric acid itself is crystallized, either as hemihydrate, H 3 P0 4 x 0.5 H 2 0, (EP- 
Bl 0 209 920) or in anhydrous form, H 3 P0 4 (GP-A 2 078 694). In these processes 
10 the purification result has not been very good, or a very strong acid (68% P 2 0 5 ) has 
been required. A Russian patent (RU-C 1-2059570) discloses a crystallization 
;^ process in which a sufficiently pure food-grade phosphoric acid is obtained only 

m through four crystallizations. There are also known processes (JP application 

3-237008 and JP application 3-193614) in which an electronics-grade acid is 
hi 15 prepared by phosphoric acid crystallization from a food-grade phosphoric acid. 

^ Fodder-grade phosphoric acid is commonly prepared from a wet-process acid by 

precipitating by various precipitation processes the ions detrimental in terms of the 
M targeted use and by separating the precipitates from the acid. When necessary, the 

'Z acid is concentrated to the desired concentration. 

1^ 20 In extraction or crystallization processes there is required a pretreatment removing 
solids and ions poorly removable in the process. There is often the problem of a 
separate process step and an impurity-containing side stream for which it is 
necessary to find some targeted disposal. 

From the literature there are known a number of processes by which individual ions 
25 (e.g. As, S0 4 ) are precipitated from phosphoric acid. 

There are many methods for removing magnesium from phosphoric acid (FI patent 
95905, US patent 3 642 439, US patent 4 299 804, US patent 4 243 643 and US 
patent 3 819 810). The methods require separate processes and in general produce a 
byproduct. It has also been proposed that magnesium be removed from a 
30 concentrate by, for example, preliminary leaching (Chemical Engineering, 
September 1992, p. 23). In this case, also, a separate multiple-step process is 
required. According to Becker (Pierre Becker, Phosphates and Phosphoric acid, 
Raw Materials, Technology and Economics of the Wet Process, 1983, p. 432), 
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however, there is no easy and economical method for removing magnesium from 
phosphoric acid. 

There are a number of problems involved in the preparation of purified phosphoric 
acids. The thermal process has the disadvantages of a high energy consumption and 
5 additional equipment for preventing detrimental environmental emissions. The 
extraction requires a large unit in order for the complicated process to be profitable. 
Many new processes have had problems in achieving a sufficiently high quality. 

The purification processes typically produce problematic side streams containing 
large quantities of impurities, and these streams need to be treated separately to 
^ 10 produce byproducts or be taken to a dump. 

ass? 

yi In processes using a recyclable extraction or precipitation chemical, the spent 

Ui reagent regularly needs to be replaced with fresh chemical. In addition, there is 

y always the possibility that toxic or otherwise detrimental residues are left in the 
product from the chemical. 

%j 

y. 15 In phosphoric acid crystallization processes, the purification has required several 

H ste P s ( 4 " 5 ) f° r & e achievement of the food grade. Crystallizations of anhydrous 

^ phosphoric acid, H 3 P0 4 , have additionally had the disadvantage of the high 

p concentration (>68% P 2 0 5 ) required of the feed, which strongly increases the 

!** viscosity of the impurity-containing acid. 

20 The object of the present invention is to provide a novel process wherein, through a 
development of the wet process, there is produced a sufficiently pure strong 
phosphoric acid, from which there are obtained both a food-grade phosphoric acid 
and a phosphoric acid suitable for the production of animal fodders. 

The above-mentioned objects of the invention have now been achieved by a process 
25 of a novel type, which includes a pretreatment step wherein the magnesium, arsenic 
and sulfate are adjusted to levels suitable for the end products. If the impurity levels, 
for example, the levels of Mg and As ions, are already sufficiently low, the 
pretreatment with respect to these can be omitted. The magnesium level is 
preferably adjusted in connection with the concentrating. The arsenic and sulfate 
30 levels are adjusted in connection with the wet process. In the concentration, the 
fluorine evaporates to the necessary level when the acid is sufficiently pure and the 
molar proportion F/Si<6, Before the acid is fed to the phosphoric acid 
crystallization, the gypsum precipitated from it in the treatment is removed; this 
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improves both the working of the crystallization and the quality of fodder-grade 
acid. 

The final product acids are obtained by crystallization by a phosphoric acid hemi- 
hydrate process, and the product recrystallized therein is suitable for use in food and 
5 the mother liquor of the process is suitable for use in animal fodder. 

The main characteristics of the process according to the invention are given in 
accompanying Claims 1-10. 

Thus, according to the invention, there is provided a process for producing food- 
grade phosphoric acid by crystallizing phosphoric acid hemihydrate, H3PO4 x 
p 10 0.5 H 2 0, from a prepurified feed acid, in which process the feed acid used for the 
crystallization is purified with the help of the following steps, 

5 a) after the step of froth-flotation of phosphate concentrate, the concentrate is 

W directed to a strongly magnetic separation step in order to decrease the 

H concentration of Mg ions, 

U 15 b) the phosphate concentrate is leached in a mixture of sulfuric acid and phosphoric 

Q acid according to the wet process, the precipitated S0 4 and As ions are removed, 

4; and a silicon source is added in order to adjust the F/Si molar ratio to < 6, 

.M c) the phosphoric acid is concentrated, the solids precipitate is removed, and the F 

ions are evaporated, 

20 d) the feed acid obtained from step c, having a concentration of > 58% P 2 0 5 , solids 
concentration of < 0.05%, Mg ion concentration of < 1.5%, S0 4 ion concentration 
of < 1%, As ion concentration of < 8 ppm and F ion concentration of < 0.2%, is 
crystallized at a steady crystal growth rate of < 10 4 um/min, corresponding to 

< 25 wt.% crystals/how, when seed crystals are added in an amount of at maximum 
25 2% as a 40% crystal slurry having a Fe ion concentration of < 500 ppm and a seed 

crystal size of < 200 jxm, the temperature difference in the first crystallization being 

< 17 °C, and the crystals are washed with the undersaturated mother liquor of the 
subsequent recrystallization step, 

e) the phosphoric acid crystallized in step d is melted, is diluted to a concentration 
30 of < 63% P 2 Os, seed crystals are added, and crystallization is carried out as in step 
d, the temperature difference being < 8 °C, and the crystals are washed with an 
undersaturated solution of phosphoric acid, and 
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f) optionally the phosphoric acid crystallized in step e is melted, is diluted to a 
concentration of < 63% P 2 0 5 , seed crystals are added, and crystallization is carried 
out as in step d, the temperature difference being < 6 °C, and the crystals are washed 
with an undersaturated washing solution prepared from product crystals 

5 In the phosphate chain, which begins at the mine and ends in phosphoric acid 
products, there are made such changes that instead of a fertilizer-grade phosphoric 
acid there are obtained two streams, the purer one of them being suitable for food- 
grade phosphoric acid (Official Journal of the European Communities, No. 
L339/59-60, (20 December 1996) E338 Phosphoric Acid) and the one obtained as 
10 the mother liquor fulfilling requirements set on animal fodder phosphates (Chemical 
0 Economics Handbook, SRI International, November 1997; Animal Feeds, Phosphate 

^ Supplements). The acids can, of course, also be used for the preparation of other 

y products, e.g. detergent phosphates. The crystallization process produces no waste; 

* % i all of the material fed in can be converted to products of a higher added value. 

15 In the production chain according to the invention it is advantageous to remove the 

s magnesium in order to facilitate the concentration of the phosphoric acid and the 

[T removal of fluorine, and in order to prevent magnesium phosphate from being 

M> precipitated (FI patent 95905) during the phosphoric acid crystallization. 

y Even though it is possible to exploit concentrates containing even more than 2% 

20 MgO, it is technically and economically advantageous if the concentrate contains 
< 1.2% MgO. Instead of removing magnesium from the phosphoric acid in a 
separate process, the phosphate concentration has been made more effective so that 
the quality obtained is high enough for the further process. It is typical of froth- 
flotation processes that phosphoric yield is lost to an increasing degree at the final 
25 stage of purification. 

It has thus been realized that by adding a strongly magnetic separator at the end of 
the froth-flotation cycle, a high concentrate quality and a high yield are obtained. 
The concentration of phosphate by froth-flotation can be left within a range where 
the yield is still good, and the required purity is achieved by magnetic separation. 
30 The efficiency of the separation is typically optimized by means of the strength of 
the magnetic field, by flow rates, and by adapting the matrix permeation to one 
suited for the particle size distribution of the feed. Losses of phosphorus can be 
minimized by suitable adjustment of the washes. 
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According to the invention, a magnetic flux density of at minimum 1 Tesla, 
preferably 1-3 Tesla, is used in the magnetic separation. 

The other advantages of magnetic separation include simplicity of the process, small 
investment, and low operating expenses. In magnetic separation, no waste stream 
5 difficult to dispose of is formed, and the separated minerals are in their original 
form and are thus suitable for being combined with the concentrate sand leaving the 
froth-flotation process. Other impurities (e.g. Fe, Al) are also removed in the 
treatment in addition to magnesium. Typically the concentrate contains after the 
treatments approximately 37% P 2 0 5 and < 0, 8% MgO. 

10 In the preparation of phosphoric acid, apatite concentrate is leached in accordance 
with the wet process in a mixture of sulfuric acid and phosphoric acid, and the 

}0 formed gypsum is separated. The formed acid has a concentration of approximately 

28% P2O5. A purer concentrate at this stage yields a purer acid, which is easier to 

lj filter 

" H 15 Next, the phosphoric acid is concentrated. Calcium (for example, in the form of 
apatite) is added to an acid which contains approximately 40% P2O5, the calcium 
h* precipitating the sulfate to gypsum. The sulfate is removed in order that the acid 

p should be easier to concentrate and that there should remain no sulfate as filler in 

Q the animal fodder acid. The disposal of the separated gypsum is not a problem, since 

20 in the wet process gypsum is formed even otherwise. Sulfide, for example, as 
sodium sulfide, is dosed according to need to adjust the arsenic level in the acid to 
the desired level. Also other heavy metals, e.g. copper, may be precipitated at the 
same time. 

The acid obtained from the preceding step is concentrated, and the precipitate, 
25 which contains mainly gypsum, is separated from the hot acid (60-80 °C) by 
centrifugation and/or filtration. After this step the concentration of the acid is 
approximately 58-60% P 2 0 5 , its solids content <0.05%, and fluorine content 
<0.18%F. 

The obtained acid is used as feed to the phosphoric acid crystallization step. First 
30 the acid is cooled by means of a heat exchanger to a temperature suitable for 
crystallization. The cooling liquid used may be water and/or cold mother liquor 
leaving the crystallization process. In winter it may be preferable to heat the mother 
liquor to prevent undercooling, for example, during transport. 
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The cooled acid, which is saturated with respect to phosphoric acid hemihydrate, 
H3PO4 x 0.5 H 2 0, is fed into the crystallizes The crystallization is carried out by 
adding seed crystals approximately 2% and by cooling at a suitable rate until a 
sufficient quantity of crystals (30-50%) has formed. The obtained crystals are 
5 melted and recrystallized at least once, typically twice. 

In order that the crystallization process should fiinction technically well and that the 
purification of the acid should be sufficient, the conditions have to be within certain 
precise limits. The most significant inventive factors associated with the 
crystallization step of the process according to the invention are: 

10 Elements isomorphous with phosphorus (e.g. As, Cr, V) and ions strongly 
complexing with phosphoric acid (e.g. Fe) are incorporated into the crystals unless 
the crystallization rate is sufficiently low. A sufficient residence time 
(approximately 2 h) is required in order not to exceed the critical growth rate, which 
is also maintained constant in batch crystallization. When the seed crystals are 

15 typically < 100 jam in size and the typical crystal size of the crystal product is 
approximately 0.7 mm, the mean crystal growth rate obtained with a residence time 
of two hours is approximately 5 ^m/min. 

In order that crystallizations on the walls should be avoided, the temperature 
differences between the crystal slurry and the coolant in the 1st, 2nd and 3rd 
20 crystallization steps must not exceed 17 °C, 8 °C and 6 °C. Furthermore, it is 
advantageous if the temperature difference at the beginning of the crystallization is 
smaller, since the growth surface area is not yet sufficient. 

An important point in the crystallization steps in the process according to the 
invention is to pay special attention to the washing. The mother liquor of the 

25 subsequent crystallization step is used for the washing. The saturation degree is set 
at somewhat undersaturated by allowing a saturated mother liquor to heat up 
approximately 5 °C. In the last step, a washing solution is used which has been 
prepared from product crystals and has respectively been adjusted at unsaturated. 
Since the washing acids can be recycled to the process as a feed, it is always 

30 possible to wash with a sufficient quantity in order for the impure mother liquor 
present in the crystal cake to be removed as well as possible. A typical amount is 
approximately 1.5 times the amount of mother liquor in the cake, which is typically 
approximately 10-30% of the weight of the cake. High viscosities (> 2000 cP) of the 
crystal slurries worsen the washing result, since the crystals begin to adhere to one 
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another (agglomerate), in which case they enclose inside themselves mother liquor, 
which cannot be removed by washing. 

Seed crystals are prepared from a phosphoric acid containing over 60% P 2 0 5 and 
< 500 ppm Fe, A higher iron content than this in the seed crystal acid significantly 
lowers the quality of the forming product crystals. The produced seed crystal slurry, 
which contains approximately 30-40% crystals having a crystal size of < 200 jam is 
used in an amount of approximately 3-5% of the amount of the feed to the 
crystallization. Thus actual seed crystals are used in an amount of approximately 1- 
2%. Product crystals or their pieces are thus not suitable for seed, since their 
surfaces are probably contaminated. Only in those crystallization steps, in which the 
feed is at least as pure as the crystal seed (e.g. the 3 rd crystallization), may 
spontaneous nucleation also be allowed to occur. 

The most suitable conditions for the crystallization steps of the process according to 
the invention are compiled in Table 1. 



Table 1 Preferred conditions for the crystallizations 





1 st crystal- 
lization 


2 nd crystal- 
lization 


3 rd crystal- 
lization 


Feed concentration, P2O5 % 


58-61 


60-63 


60-63 


Slurry/coolant temperature difference, °C 


<17 


<8 


<6 


Residence time, h 


1.5-3 


1.5-3 


1.5-3 


Crystal percentage 


25-40 


35-50 


30-45 


Seed slurry amount, % of feed 


3-4 


3-4 


3-4 


Crystal growth rate, fxrn/min 


4-8 


5-10 


5-10 



Figure 1 depicts a diagram of the process according to the invention for the 
preparation of food-grade and fodder-grade phosphoric acid. 

Figure 2 depicts a reference diagram for the preparation of fertilizer-grade 
phosphoric acid. 

The process according to the invention for the preparation of food-grade and fodder- 
grade phosphoric acid has the following advantages over other processes: 

No waste difficult to dispose of is produced in the production chain; the concentrate 
sand coming from the magnetic separation and the gypsum to be separated can be 
combined with the normal streams of the production chain. 
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In the crystallization all of the impurities (cations, anions, organic s ? color) are 
separated at the same time, and thus no separate process steps are required for the 
separation of certain ions. 

The quality of the food-grade acid obtained by this process is in many respects (in 
5 particular heavy metals and organics) clearly higher than the quality of 
corresponding acids on the market. 

The investment is small, since a significant portion of the equipment required is 
already in existence (e.g. concentration units). The additional equipment is easy to 
place in connection with the existing plant 

10 The production does not require any circulating additional chemicals requiring 
separate treatment (e.g. organic leaching or precipitation chemicals), the efficacy of 
which chemicals decreases with time and they have to be replaced. 

Energy consumption in the process is low, since the exiting cold mother liquor cools 
the feed entering crystallization. Since the heat released in the forming of crystals in 
15 the crystallization is equal to the heat required for melting them, these streams also 
compensate one another. 

The operating costs of the process are low, since magnetic separation on a large 
scale consumes almost as little energy as on a small scale. 

In the rest of the pretreatment, substances naturally belonging to the process 
20 (apatite, silicate) or economical waste streams (sodium sulfide) are used. 

No waste requiring separate treatment is formed in the crystallization. 

A very small number of operating personnel is needed, since the partial factors of 
the process (magnetic separation, crystallization, filtration, melting) are all known 
and reliable. 

25 Owing to its small investment need and low operating costs, the preparation of 
food-grade acid implemented with an integrated process such as this is profitable on 
a much smaller scale than, for example, when implemented with the prevailing 
extraction technique. 

It is suitable for integrated production in which several product grades are prepared 
30 only by adjusting the process capacity, the number of recrystallizations, or by taking 
acid from different intermediate stages. 
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The process is also a concentration process in which all concentrations < 66% P 2 0 5 
are possible. 

Owing to the improved purification efficiency the yield of the ciystallization 
process is higher or, respectively, the quality is better than in processes previously 
disclosed in the literature. 

The process can be run either as a batch process or in a continuous-working manner. 

In terms of the economy it is important that the losses of phosphorus should be 
minimal and at as early a stage of the production chain as possible. Therefore it is 
preferable to remove impurities already in the concentration step in the form of 
natural stable minerals instead of precipitating the impurities as compounds which 
may even have to be taken to a dump. In the phosphoric acid crystallization process 
the product yield is 100%, since both of the streams leaving the process are 
products. 

The percentages in the present description and the accompanying claims are 
percentages by weight, unless otherwise indicated. 

Example 1 

A phosphate concentrate in the form of a slurry having a solids content of 
approximately 30% was fed into a strongly magnetic separator. The strength of the 
magnetic field was 1.7 Tesla. The types and amounts of the feed and the product are 
shown in Table 2. 



Table 2 





Phosphate 


Purified phosphate 


Yield into the 




concentrate to 


from magnetic 


product 




magnetic separation 


separation 




Mass % 






95.0 


P2O5, % 


36.1 


37.5 


98.4 


K 2 0, % 


0.14 


0.10 


66.9 


MgO, % 


1.26 


0.62 


46.8 


Na 2 0, % 


0.31 


0.30 


93.2 


Si0 2 , % 


1.93 


0.90 


44.1 


Fe 2 03, % 


0.6 


0.3 


45.6 


AI2O3, 0/0 


0.3 


0.2 


59.2 


CaO, % 


49.9 


51.0 


96.9 


C0 2 , % 


4.7 


4.1 


82.6 
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Example 2 

A phosphate concentrate originating in another ore deposit, containing 37.5% p 2 0 3 
and 1.83% MgO, was treated in the form of a 25% slimy in a magnetic field of 2.0 
Tesla. The phosphorus yield was 95.3% into the purified product, which contained 
5 38.4% P 2 0 5 and 1.0% MgO. The magnetic byproduct contained 23.7% P 2 0 5 and 
11.7% MgO. 

Example 3 

A wet-process phosphoric acid (27% P 2 0 5 ) was concentrated to a concentration of 
40% P 2 0 5 . Phosphate concentrate was added in an amount of 1% to precipitate the 
^ 10 sulfate as gypsum with a 1 hour residence at 50 °C The molar ratio F/Si in the 
phosphoric acid was adjusted to < 6 by adding a soluble silicon source. The 
r{ precipitated gypsum was filtered before concentration to >58% P 2 0 5 . The 

Sj phosphoric acid was concentrated and the solids formed during the concentration 

W were separated. The acid prepared in this manner contained 58.5% P 2 0 5 , 0.15% F, 

fj 15 and < 0.05% solids. 

M« Example 4 

% A phosphoric acid which had been pretreated according to Examples 1 and 3 was 

q crystallized in a 110-liter continuous- working crystallizer with a 1.8 hour residence 

^ time, and was recrystallized with residence times of 1.7 and 2.2 hours. In each step, 

20 approximately 4% seed crystal slurry was used (< 20 ppm Fe). The total yield of the 

process was approximately 30%. Table 3 shows analyses of the formed intermediate 

and final products. 
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Table 3 





Feed acid 


First crystal 
product 


Second crystal 
product 


Third crystal 
product 


Process 

mother liquor 
^ 


p 2 0 5 , % 


61 


64.2 


64.7 


64.6 


58.4 


As, ppm 


0.3 


0.1 


<0.1 


<0.1 


0.4 


F, ppm 


1700 


80 


10 


< 10 


2000 


CI, ppm 


<10 


<10 


< 10 


< 10 


< 10 


N0 3 , ppm 


6 


<5 


<5 


<5 


9 


S0 4 , ppm 


3000 


192 


36 


30 


4200 


Al, ppm 


1200 


100 


11 


2 


1700 


Ca, ppm 


300 


27 


3 


<2 


460 


Cr, ppm 


3 


0.5 


<0.3 


<0.3 


3.7 


Cu, ppm 


0.7 


<0.4 


<0.2 


<0.2 


1.1 


Fe, ppm 


4500 


600 


70 


16.6 


5700 


|Mg,ppm 


7000 


450 


47 


8 


10300 


Mn, ppm 


500 


44 


4 


<2 


720 


Ni, ppm 


4 


0.3 


<0.2 


<0.2 


5.7 


Cd, ppm 


0.3 


<0.1 


<0.1 


<0.1 


0.5 


V, ppm 


10 


2.5 


0.3 


<0.2 


13.5 


Solids, % 


<0.05 











Example 5 

Phosphoric acid which had been pretreated in accordance with Examples 1 and 3 
was crystallized in a 110-liter continuous-working crystallizer with a 2.7 hour 
residence time and was recrystallized twice, with residence times of 1.1 and 2.2 
hours. The total yield of the process was approximately 25%. In each step, 
approximately 4% seed crystal slurry (< 20 ppm Fe) was used. The pure product 
acid was diluted with water to a final concentration of 55.8% P 2 0 5 . Table 4 shows 
analyses of the feed acid and the final products. 
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Table 4 





Feed acid 


Pure product acid 


Process mother liquor 


p 2 o 5 , % 


58 


55.8 


55.5 


As, ppm 


0.3 


<0.1 


<0.2 


F, ppm 


1500 


3 


0.21 


HM, ppm* 




<10 




CI, ppm 


8 


< 10 


< 10 


NO3, ppm 


<5 


<5 


13 


S0 4 , ppm 


4200 


30 


5400 


Al, ppm 


1500 


5 


1800 


Ca, ppm 


240 


<2 


310 


Cr, ppm 


3.3 


<0.3 


3.6 


Cu, ppm 


<0.4 


<0.2 


<0.4 


Fe, ppm 


4000 


17.1 


5000 


Mg, ppm 


7900 


9 


9800 


Mn, ppm 


570 


<2 


710 


Ni, ppm 


4.3 


<0.2 


5.8 


Zn, ppm 




0.93 




Pb, ppm 




<0.1 




Cd, ppm 


0.3 


<0.1 


0.4 


Hg, ppm 


<0.01 






V,ppm 


11.4 


<0.2 


14.3 


Volatile acids, 
jiequiv/g 




0.024 




Solids, % 


<0.05 







*sum of heavy metals in accordance with Food Chemicals Codex (1997, USA) 
Example 6 

Phosphoric acid was crystallized as a batch in a 0.6 m 3 tank crystallizer for 2 hours. 
Seed crystal slimy was used in an amount of 3% (250 ppm Fe). The temperature 
difference between the crystal slurry and the coolant liquid was initially 4 °C and at 
the end 8 °C, following the curve for steady crystal growth. The crystal amount was 
41% and the crystal size was approximately 1 mm. 

In recrystallization the residence time was in the first case 5 hours, seed crystal 
slurry being used in an amount of 3% and the temperature difference being 
maintained constant (6 °C). The crystal size was approximately 1 mm. In the second 
case the residence time was three hours and the temperature followed the curve for 
steady crystal growth (2. . .6 °C). In both cases the crystal amount was 3 1%, and the 
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crystals were separated with a centrifuge and for the washing of the crystals a 
washing solution was used in an amount of 12.5% of the crystal amount. The total 
yield of the process was approximately 35%. Table 5 shows the conditions of the 
batch crystallizations. 



2 nd crystal- 
lization 
product 
Case 2 








66.5 I 




<10 










2 nd ciystal- 
lization 

feed 
Case 2 








62.2 


o 

wo 


CO 


i 


1692 


oo 


CN 


2 nd crystal- 
lization 
product 
Case 1 








65.7 


W 1 


<10 










i J 1 M 

<S! » tJS O 








62.1 


o 

CO 


CO 


i 


1678 


IT* 

VO 




1 st crystal- 
lization 
product 








65.9 


o 

CO 

CN 


CN 










1 st crystal- 
lization 
feed 








60.8 


4300 


0091 


<0.05 


OUT 


*/} 




2 nd crystal- 
lization 
Case 2 


CO 


CO 


2.. .6 










1721 




16.6 


2 nd crystal- 
lization 
Case 1 


vo 


CO 










«— < 

CO 




00 




1 st crystal- 
lization 




CO 


CO 










1750 


o 

CO 


f-H 




Residence 
time, h 


I Seed slurry 


Temperature 
difference 


o 


& 

Oh 
Oh 

<lT 


1 F, ppm 


| Solids, % 


| Density, g/dm 3 


I Viscosity, cP 


| Temperature 
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Example 7 

The magnesium content of a phosphoric acid originating in Morocco was decreased 
by concentration and crystallization of magnesium phosphate in accordance with FI 
patent 95905. The purified acid was diluted with water to 62.9% P205, was 
5 crystallized once by adding, in an amount of 6%, a seed crystal slurry (< 20 ppm 
Fe) made from pure phosphoric acid. During crystallization, a cooling was carried 
out from 23 °C to 7 °C in five hours. The temperature difference between the crystal 
slurry and the coolant was 7 °C. The viscosity of the crystal slurry was 7500 cP 5 the 
crystals were separated in a centrifuge, and the crystal product yield was 55%. The 
10 example deviates from the optimum conditions as regards to prepurification, 
precipitation, feed acid concentration, seed crystal amount and viscosity, in which 
case the purification is also poorer than in the other examples. The purification in 
the phosphoric acid crystallization is shown in Table 6. 



Table 6 Phosphoric acid crystallization of Moroccan acid 





Concentrated and 
filtered Moroccan 
acid 


Product of phosphoric 
acid crystallization 


Purification ratio 
Feed/product 


p 2 o 5 , % 


64 


65.1 




F, % 


0.13 


0.026 


5 


S0 4 ,% 


0.9 


0.33 


2.7 


Mg, % 


0.44 


0.089 


4.9 


Fe, % 


0.39 


0.09 


4.3 


Ca,% 


0.21 


0.11 


2 


Al,% 


0.22 


0.041 


5.4 


Mn, ppm 


13 


6 


2.2 


Zn, ppm 


330 


100 


3.3 


Cr, ppm 


420 


110 


3.8 


Cd, ppm 


10 


3.9 


2.6 


As, ppm 


13 


3.9 


3.4 


Cu, ppm 


34 


8 


4.3 


Pb, ppm 


<0.2 


<0.2 
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Claims 

1. A process for the production of food-grade phosphoric acid by the 
crystallization of phosphoric acid hemihydrate, H3PO4 x 0.5 H 2 0, from a 
prepurified feed acid, characterized in that the feed acid used for the crystallization 
5 is purified by the following steps: 

a) after the froth-flotation step of phosphate concentrate, the concentrate is 
directed to a strongly magnetic separation step for the decreasing of the Mg ion 
amount, 

b) the phosphate concentrate is leached in a mixture of sulfuric acid and 
^ 10 phosphoric acid according to the wet process, the precipitated S0 4 and As ions are 
iQ removed, and a source of silicon is added in order to adjust the F/Si molar ratio to 
i3 <6, 

Q c) the phosphoric acid is concentrated, the solids precipitate is removed and the F 

M> ions are evaporated, 

y: 15 d) the feed acid obtained from step c, having a concentration of > 58% P 2 0 5 , 
M solids concentration of < 0.05%, Mg ion concentration of < 1.5%, S0 4 ion 

^ concentration of < 1%, As ion concentration of < 8 ppm, and F ion concentration of 

q < 0.2%, is crystallized at a steady crystal growth rate of < 10 fim/min, 

f** corresponding to < 25 wt.% crystals/hour, when seed crystals are added in an 

20 amount of at maximum 2% in the form of a 40% crystal slurry, in which the Fe ion 
concentration is < 500 ppm and seed crystal size is < 200 \xm, the temperature 
difference being in the first crystallization < 17 °C, and the crystals are washed with 
the undersaturated mother liquor of the subsequent recrystallization step, 

e) the phosphoric acid crystallized in step d is melted, diluted to a concentration 
25 of < 63% P 2 0 5 , seed crystals are added, and crystallization is carried out as in step 

d, the temperature difference being < 8 °C, and the crystals are washed with an 
undersaturated solution of phosphoric acid, and 

f) optionally the phosphoric acid crystallized in step e is melted, diluted to a 
concentration of < 63% P 2 0 5 , seed crystals are added, and crystallization is carried 

30 out as in step d, the temperature difference being < 6 °C, and the crystals are washed 
with an undersaturated washing solution prepared from product crystals. 
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2. A process according to Claim 1, characterized in that the process comprises 
one recrystallizatioH step e. 

3. A process according to Claim 1, characterized in that the process comprises 
two recrystallization steps e and f, the crystals of step e being washed with an 
undersaturated mother liquor obtained from the subsequent recrystallization step f. 

4. A process according to Claim 1, characterized in that the mother liquor of the 
first crystallization step d is separated as a fodder-grade phosphoric acid. 

5. A process according to Claim 1, characterized in that the acid crystallized in 
steps e and/or f is melted and diluted to food-grade phosphoric acid. 

6. A process according to Claim 1, characterized in that the crystallization step 
of the process is implemented as a batch process or a continuous-working process. 

7. A process according to Claim 1, characterized in that the mother liquors of 
recrystallization steps e and/or f are recycled as feed acid to the same and/or 
preceding step. 

8. A process according to Claim 1, characterized in that a magnetic flux density 
of at minimum 1 Tesla, preferably 1-3 Tesla, is used in step a. 

9. A process according to Claim 1, characterized in that in the crystallization 
steps of the process the viscosity of the crystal slurry is < 2000 cP. 

10. A process according to Claim 1, characterized in that in crystallization step d 
the concentration of the feed acid is < 61% P20 5? the Mg ion concentration is 
< 1.2% Mg, and the F ion concentration is < 0. 18%. 
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Figure 1 

Preparation of food-grade and fodder-grade phosphoric acid 
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Figure 2 

Preparation of fertiliser-grade phosphoric acid 
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25,999 


William H,Bmb 


25,952 


27,360 


Peter K. SWff 


31,917 


28,531 


Richard J. McGraft 1 


29,195 


26,223 


Matthew L. Schneider 


32,814 


23,632 


Michael G. Savage 




23,510 


Gerald F, Swiss 


30,113 


27,903 


Charles P. Wieland m 


33,096 



Bruce T, Wieder 


33,815 


Todd R. Walters 


34,040 


Rormi & r Jiffions 


31,979 


Harold R, Brown m 


36,341 


Allen R. Baum 


, 36,066 


Steven M. dnBoU 


35,023 


Brian P, O'Snsfftfmessy 


32,747 


Kenneth B. Leffler 


36,075 


FredW. Hathaway 


32,236 


Wendi L. Weinstein 


34,456 


Mary Ann WMufiiy 


34,576 
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INI 



Ronald L. Grudziecki 

Burns, Doane, Swscksr & Matkis, L.L,P, 
P.O. Box 1404 

Alexandria, Virginia 223134404 



and: t 

Address all correspondence to: 




21839 

Address all telephone calls to; * Ronald L. Grodziecki 



at (703) 836-6620. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further thai these statements were made with the knowledge that willful false state- 
ments and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United 
States Code and that such willful false statements may jeopardize fee validity of the application or any satenc issued thereon. 
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FULL NAME OF SOLE OR FIRST INVENTOR 

Jarmo 



SIGNATURE 



DATE 

7 October 2001 



RESIDENCE s / _ ±^m2m<ntiP 

Polloncie 9, FIN-71800 SiiliniarviC^-nlan4,^^ 



Finnish 



POST OFFICE ADDRESS 

FULL NAME OF SECOND JOINT XNYEWORriF ANY S&NAKSRE j< ^y7 



DATE 

8 October 2001 



RESIDENCE 



Keihastie 32 B, FIN-012S0. Jantaa t FinlandZ?r 



post office address 
Keihastte 32 B, FIN-01280 Vantaa, Finland 



CITIZENSHIP 



Finnish 



FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
Paii^g YT.Tiw.isr 



SIGNATURE > /* 
&&&& 



DATE 

8 October 2001 



RESIDENCE 



Humalniementie 12 C 10, FIN-008 40 Vantaaf ffe 



cmzENfsmp 



Finnish 



POST OFFICE ADDRESS 

Humalniementie 12 C 10. FIN-00840 Vantaa, Finland 



FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 



SIGNATURE 



DATE 

8 October 2001 



RESIDENCE 



Mikkelantie 15 D 8, FIW-02770 E$poo, Fintarii 



CITIZENSHIP 



Finnish 



POST OFFICE ADDRESS 

Mikkelantie 15 D 8, FIN-02770 Espoo, Finland 



FULL NAME OF FIFTH JOINT INVENTOR , IF ANY 



RESIDENCE 



SIGNATURE 



DATE 



POST OFFICE ADDRESS 



CITIZENSHIP 



FULL NAME OF SIXTH JOINT INVENTOR* IF ANY 



RESIDENCE' 



SIGNATURE 



POST OFFICE ADDRESS 



CITIZENSHIP 



DATE 



FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY ' 



RESIDENCE 



"SIGNATURE" 



POST OFFICE ADDRESS 



CITIZENSHIP 



DATE 



FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 



SIGNATURE 



DATE 



RESIDENCE 



POST OFFICE ADDRESS 



CITIZENSHIP 
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CITIZENSHIP 


RNTOmCE ADDRESS 


FULL NAMjB OF TENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFJHICE ADDRESS 
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Full Name of Additional Joint Inventor, If Any 




Signature 




Date 




Residence (City, Statd Country) 




Citizenship 




Post Office Address 




Pull Name of Additional Joint Inventor, If Any 




Signature - 




Date 




Residence (City, State, Country) 




Citizenship 




Post Office Address 




[ Full Name of Additional Joint Inventor, If Any 





Signature 



Date 

Residence (City, State, Country) 
Citizenship 

Post Office Address ' 

Full Name of Additional Joint Inventor, If Any 
Signature 

Date 

Residence (City, State, Country) . 

Citizenship 

Post Office Address 
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